Objective: To describe secular trends in obesity in various settings and socio-economic groups of the adult population of Brazil. Methods: Trend analysis of the prevalence of obesity in adults aged over 20 y (body mass index 30.0 kgam 2 ) applied to anthropometric and socio-economic data collected by three comparable household surveys undertaken in the two most populated Brazilian regions in 1975 (n 95,062), 1989 (n 15,585) and 1997 (n 10,680). Results: While previous trends (1975 ± 1989) showed increasing obesity prevalence for all population groups except for men in rural areas, recent trends (1989 ± 1997) have pointed to a much more complex picture where increases in obesity tend to be more intense in men than in women, in rural than in urban settings and in poorer than in richer families. Particularly notable was the fact that, in the recent period, obesity was actually reduced for women belonging to the upper income groups, especially in urban settings. Conclusion: Earlier obesity trends in Brazil entirely agree with what has been described for both developed and developing countries where reliable secular trend information exists, but the 1989 ± 1997 trend of a substantial reduction in the prevalence of obesity among upper income urban women (12.8 ± 9.2%, or a 28% reduction), is unique in a developing country and, indeed, up to now has only been detected in Scandinavian populations. It is speculated that this declining obesity trend may be a result of an intense mass media work focused on combating a sedentary life style and promoting better food habits.
Introduction
The emergence in the last quarter of the twentieth century of obesity as an epidemic among higher income countries is acknowledged and has been of great concern (Seidell, 1995; WHO, 1997; Flegal et al, 1998) . While there is evidence that this trend has occurred among all socioeconomic groups, an inverse relationship between social class and the prevalence of obesity has been documented, particularly in women, in studies undertaken in North America and Europe (Sobal & Stunkard, 1989) . As with a wide range of diseases and risk factors, higher socioeconomic status in the West seems to be associated with a lifestyle that allows individuals to protect themselves better from the adverse aspects of modern lifestyle and live longer (Marmot et al, 1991; Marmot, 1996; Marmot & Shipley, 1996) .
There has been limited evidence on the trends in obesity in developing countries and even less on social class ± obesity relationships (Sobal & Stunkard, 1989; Popkin & Doak, 1998) . Brazil, which is unique in the depth and breadth of data on obesity patterns and trends among developing countries, experienced a rapid and consistent increase in adult obesity among all gender and socioeconomic groups between 1975 and 1989 (Monteiro et al, 1995 . This paper uses new data from the most recent national survey, which show a relevant shift in both socioeconomic patterns and trends of adult obesity, including an unprecedented decline in obesity risk for women belonging to upper income families.
Methods

Study populations and sampling
The three national surveys analysed in this report are: the`Estudo Nacional sobre Despesa Familiar Ð ENDEF' undertaken from August 1974 to August 1975, the`Pesquisa Nacional sobre Sau Âde e Nutric Ëa Äo Ð PNSN' undertaken from June to September 1989 and the`Pesquisa sobre Padro Äes de Vida Ð PPV' undertaken from March 1996 to March 1997. All three surveys were executed by the federal agency in charge of national statistics in Brazil: the`Institute Brasileiro de Geogra®a e Estatistica Ð IBGE'. Similar multi-stage strati®ed clustering sampling procedures were employed by the three national surveys, but while the two ®rst surveys (1975 and 1989) covered the whole country except the scarcely populated rural areas of the northern region, the last survey (1997) was restricted to urban and rural populations of the north-eastern and southeastern regions, where, indeed, three quarters of the Brazilian population are concentrated. Due to this, and to allow proper comparisons, we will exclude from the two ®rst surveys the sample of households outside the north-eastern and south-eastern regions.
Total households sampled in the two selected regions by the three surveys were 36,105, 6,576, and 4,940, respectively. Although anthropometric data were collected for all household members in the three surveys, this study is restricted to the sample of adults aged 20 y or over. Sampled individuals in this age group, already excluding pregnant women, were 113,387 in 1975, 14,602 in 1989, and 11,033 in 1997 . Item non-response for weight andaor height measurements resulted in missing body mass index values for 2.9% of sampled adults in 1975, 0.4% in 1989 and 9.5% in 1997. The frequency of non-response was evenly distributed in the various socio-economic groups.
Indicators and data collection Following largely accepted international recommendations (WHO, 1995 (WHO, , 1997 adult men and women (pregnant women excluded) were classi®ed as obese when body mass index (BMI) was equal to or greater than 30.0 kgam 2 . The prevalence of obese individuals and, additionally, mean BMI were the indicators employed to assess time-trends in adult obesity. Similar processes were adopted by the three surveys for collecting the data analyzed in this study: age, sex, weight, height, residence in urban or rural setting and per capita family income. Unfortunately, no information was available either as regards the ethnic composition or the urbanarural migration antecedents of the studied individuals. Trained teams measured weight using calibrated portable scales (mechanical in 1975 and microelectronic in the two other surveys) with the individuals wearing light clothes and no shoes. Height was measured with metal tapes in bare-footed individuals with the head held in the Frankfort plane. Data on family income were obtained by a standardized questionnaire, which covers all possible sources of family income, and per capita income was the result of the division of total income by the number of residents in the household.
Data analysis
Statistical analyses were carried out using STATA (Stata Corp., 1997) . Time-trends in obesity were determined by comparing obesity prevalence and mean BMI (and their corresponding standard errors) estimated by each survey. For each survey sampling weights were calculated that took into account the unequal probabilities of selection resulting from the strati®ed and clustering sample design. Standard errors were calculated taking into account the sampling weights and the complex clustered sample design for calculating variance estimates (Stata Corp., 1997) . With a view to control for changes in age distribution across the surveys, estimates of both obesity prevalence and mean BMI were age-adjusted by the direct method to the sexspeci®c age distribution in the 1997 survey. Comparisons were carried out separately for males and females and for rural and urban strata and, within these strata, for strata of individuals grouped according to quartiles of per capita family income. An additional strati®cation of these sex, setting and income strata by region (northeast or southeast) would determined strata with too few individuals, particularly in the 1997 survey and, for this reason, it was not accomplished. Statistical signi®cance of changes over time in the age-adjusted prevalence of obesity, in each stratum, was assessed by grouping data from the individuals studied by the three surveys, in correspondent single ®les, and running logistic regression analyses in which obesity status was the dependent variable, year of survey the explanatory variable, and age the control variable.
Results
Figure 1 displays the gender-and age-speci®c prevalence of obesity in the Brazilian adult population living in the north-eastern and south-eastern regions according to surveys undertaken in the country in 1975, 1989 and 1997. Changes in the prevalence from 1975 to 1989 point to clearly increasing risk of obesity among all age groups for both males and females. Changes in the prevalence from 1989 to 1997 indicate that male obesity continued to increase for most age groups, but trends are less clear regarding female obesity (increases in prevalence were less intense and non-constant along the ages). Table 1 presents the prevalence of obesity and also the mean BMI for the whole adult population (individuals aged 20 y or older) studied in each survey. Both indicators are presented as crude rates (with standard errors) and rates age-adjusted by the sex-speci®c age distribution in the last survey. Comments will refer to age-adjusted rates, although unadjusted and adjusted trends were very similar. Dramatic increases in the prevalence of both male and female obesity Shifting obesity trends in Brazil CA Monteiro et al are seen from 1975 to 1989: in the 14 y period, obesity risk increased by nearly 100% in men (2.4 ± 4.7%) and more than 70% in women (7.0 ± 12.0%). In the same period, mean BMI increased 1.0 kgam 2 in men and 1.5 kgam 2 in women. Obesity in men continued to increase vigorously from 1989 to 1997: in this new period of 8 y, the prevalence of obesity increased by almost 50% (4.7 ± 6.9%), while mean BMI increased another unit (23.3 ± 24.3 kgam 2 ). Female obesity, however, was only slightly increased in the most recent period: prevalence went from 12 to 12.5% and mean BMI from 24.3 to 24.8 kgam 2 . Logistic regression analyses, which control for changes in age distribution across the surveys, indicate a statistically signi®cant increase in the male obesity risk from 1975 to 1989 (P`0.0001) and from 1989 to 1997 (P`0.001). The same analyses applied to women point to a signi®cant increase in female obesity risk only from 1975 to 1989 (P`0.0001). Table 2 shows trends in crude and age-adjusted obesity indicators for adults living in rural and urban areas. The same similarity between crude and age-adjusted estimations applies in this case and our comments will also refer to adjusted rates. Past trends (1975 ± 1989) indicate an increasing obesity risk for all strata except the rural male population Ð for whom obesity was very rare and increases in mean BMI possibly re¯ect a reduction in chronic energy de®ciency. Recent trends (1989 ± 1997) point to a different picture Ð an incipient increase of obesity risk for rural males (from 1% to 2.7%), a continued rapid increase of obesity risk for rural females and urban males and a fairly stable situation for urban females. Logistic regression analyses indicate that there was a statistically signi®cant increase in obesity risk (P`0.001) for all groups except rural males, in the ®rst period, and for all groups except urban females, in the second period. Table 3 shows past and recent trends in age-adjusted prevalence of adult obesity for urban and rural populations strati®ed according to income categories (quartiles of per capita family income). Past trends were not much in¯u-enced by income level: from 1975 to 1989, in all income categories, obesity risk was stable (and low) among rural males and rapidly increasing in all other groups. Trends from 1989 to 1997, however, differ substantially across income categories. As regards men, noteworthy increasing obesity risks occurred in all rural income groups and in urban middle-income categories. As regards women, increasing obesity risk was in fact restricted, in rural settings, to middle and lower income groups and, in urban settings, only to the lower income group. Women belonging to the higher rural income group or to middle income groups in the cities experienced small declines in obesity, while a substantial reduction in the prevalence of obesity (12.8 ± 9.2%) was found among women from the highest urban income quartile.
Logistic regression analyses, separately undertaken for each sex, urbanarural setting and income stratum, indicate that in the ®rst period there was a statistically signi®cant increases in the obesity risk (P`0.01) for all income (1975 ± 1989) showed increasing obesity prevalence for all population groups except for men in rural areas, recent trends (1989 ± 1997) pointed to a much more complex picture where increases in obesity tend to be more intense in men than in women, in rural than in urban settings and in poorer than in richer families. Particularly notable was the fact that, in the recent period, obesity was actually reduced for women belonging to the upper income groups, especially in urban settings. Earlier obesity trends in Brazil entirely agree with what has been described for most countries where reliable secular trend information exists (WHO, 1997; Popkin & Doak, 1998) . Recent trends relative to the male population and to women from lower income (urban settings) or loweramiddle income groups (rural settings) also agree with the published literature, which points to systematic increases in adult obesity. However, the 1989 ± 97 trend of a substantial reduction in prevalence among upper income quartile urban women (12.8% ± 9.2% , or a 28% reduction), is unique and has not been documented in any other developing country. Moreover, the extensive review of studies in both the developed and the developing countries made by the International Obesity Task Force (WHO, 1997) was able to detect only one study demonstrating declining adult obesity prevalence Ð the one undertaken in two regions in Finland where, in the period 1972 ± 1982, the prevalence of female obesity decreased from 22% to 18% (North Karelia) and from 22% to 16% (Kuopio). As might be expected from other socio-economic status ± obesity studies, but also in line with what was observed in Brazil, the decline in female obesity in the Finnish provinces was more evident in the upper socio-economic groups (Pietinen et al, 1996) .
The world wide trend toward increased adult obesity, including the increase observed in Brazil among the male population and parts of the female population, has been attributed in both the developed and the developing world to rapid declines in energy expenditures related foremost to a remarkable shift toward much less physically demanding occupations and also to a decline of energy expenditure activity during leisure activities. Equally important for many countries may have been the shift toward a much higher fat energy-dense diet. In developing countries there have been and continue to be marked increases in urbanization and income coupled with increased penetration of the Western culture Ð all important in determining unfavourable shifts in diet and activity (Popkin, 1998) . As in most countries, in Brazil there is no speci®c secular trend information on patterns of physical activity, although a strong expansion of the services sector in the economy is in line with less physically demanding occupations, particularly in the case of males. Secular trend data on dietary intake in Brazil, 1 only available at family level and restricted to metropolitan areas of the country, 1 in the period 1975 ± 1987 point to an increase of 2 to 7 percentage points in the proportion of energy relative to fat intake (Monteiro et al, 1995) .
It is much harder to explain the factors responsible for the decline in obesity among upper income Brazilian women. Preliminary data from the last metropolitan food expenditure survey undertaken in the country in 1996 indicate that the proportion of energy relative to fat intake had further increased in the relatively poorer cities of the north-eastern region (from 23% in 1987 to 25% in 1996) , but remained stable (around 30%) in the richer cities of the south-eastern region. More disaggregated analysis of these data by income level will be necessary to assess how changes in diet may explain recent trends in obesity in Brazil. Patterns of physical activity were assessed for the ®rst time in the country by the national survey of 1997. In this survey, the practice of regular physical exercises was strongly positively associated with income, particularly in urban settings, 1 e.g. 26.3% of women from the upper income urban quartile exercised on a weekly basis Ð walking, jogging or doing more strenuous gym activities Ð against only 2.8% in the lower income urban quartile. Regardless of the immediate determinants involved with the decline in obesity documented in the period 1989 ± 1997, governmental public health policies are unlikely to have contributed signi®cantly to it. The ®rst consistent mass intervention aiming at the control of obesity in Brazil was launched only in 1997 and it is still restricted to some cities in the Sa Äo Paulo State (Matsudo, 1997) . A more relevant contribution to the decline of obesity may be seen in the educational work done by mass media vehicles. A speci®c hypothesis that deserves in-depth analysis is that an intense mass media work focused on combating a sedentary lifestyle and promoting better food habits has been effective in reaching at least the better educated higher income Brazilian women. Since 1992, after the disclosure of the ®ndings of the 1989 national survey showing that obesity and not undernutrition was the main nutritional problem of the adult population in Brazil, several major TV networks and leading newspapers and magazines have produced on an almost weekly basis extensive information on the health consequences of obesity and the importance of avoiding energy dense diets and increasing physical activity. Part of the media (particularly TV programs targeted to the female population) has also been engaged in promoting a sometimes unrealistic thin image for women. As we search for large-scale approaches to both reduce and prevent obesity, it will be important to understand thoroughly the Brazilian situation and others where we ®nd signi®cant declines in obesity.
